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ABSTRACT 



A transimpedance circuit adapted for use in a subscriber line 
interface circuit includes sense resistors installed in closed 
loop, negative feedback paths of respective sense amplifiers. 
Voltage drops across the sense resistors are applied to first 
and second differential coupling circuits for applying dif- 
ferential currents to complementary polarity inputs of an 
operational amplifier. The inputs of the amplifier are also 
coupled to a linearity compensator, that is configured to 
provide sufficient overhead voltages in the presence of worst 
case voltage swing conditions. The compensator has a 
differential amplifier configuration, that closes a negative 
feedback loop from the output of the amplifier and one of its 
inputs, relative to a reference voltage balancing path coupled 
to the amplifier's other (complementary) input. The bal- 
anced differential configuration forces corresponding termi- 
nals of a pair of load resistors coupled to the inputs of the 
operational amplifier to the same potential, irrespective of 
variations in the input currents. 

17 Claims, 2 Drawing Sheets 
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PRECISION, LOW-POWER 
TRANSIMPEDANCE CIRCUIT WITH 
DIFFERENTIAL CURRENT SENSE INPUTS 
AND SINGLE ENDED VOLTAGE OUTPUT 

The present invention is a continuation of application 
U.S. Ser. No. 09/686,506, filed Oct. 11, 2000, now U.S. Pat. 
No. 6,292,033, issued Sep. 18, 2001. 

FIELD OF THE INVENTION 

The present invention relates in general to communication 
systems and components, and is particularly directed to a 
transimpedance circuit, that is configured to transform a pair 
of differentially sensed input currents into a very precise, 
single ended output voltage. The transimpedance circuit 
provides a very high degree of common mode rejection, can 
operate in high or low D.C. voltage and current 
environments, and consumes very little power. As a non- 
limiting example, the transimpedance circuit of the inven- 
tion may be used to sense differential tip and ring currents 
of a subscriber line interface circuit. 

BACKGROUND OF THE INVENTION 

A wide variety of electronic circuit applications require 
the differential measurement of two (complementary) cur- 
rents and some prescribed amount of rejection of their 
common mode components. In some applications, the cur- 
rents being measured exist in a high D.C. voltage and high 
D.C. current environment, yet their information content is 
ultimately to be employed in a low voltage and low current 
environment, with demanding requirements for accurate 
amplification and filtering, plus the additional requirement 
for low idle channel noise. As a non limiting example, 
various equipments employed by telecommunication service 
providers employ what are known as 'SLIC's (subscriber 
line interface circuits), to interface (transmit and receive) 
telecommunication signals with respect to tip and ring leads 
of a wireline pair. Since the length of the wireline pair to 
which a SLIC is connected can be expected to vary from 
installation to installation, may have a very significant 
length (e.g., on the order of multiple miles), and transports 
both substantial DC voltages, as well as AC signals (e.g., 
voice and/or ringing), it has been difficult to realize a SLIC 
implementation that has 'universal' use in both legacy and 
state of the art installations, 

SUMMARY OF THE INVENTION 

In accordance with the present invention, shortcomings of 
conventional transimpedance circuits, such as, but not lim- 
ited to those intended for use in telecommunication service 
providers' wireline equipments (such as SLI Cs) that may be 
installed in a wide range of voltage and current 
environments, are effectively obviated by a new and 
improved, transimpedance circuit, that is capable of per- 
forming a very precise differential input current to single 
ended output voltage conversion, while enjoying a very high 
degree of common mode rejection, and reduced power 
dissipation, thereby making it particularly suited for remote 
site subscriber installations. 

For a SLIC application, respective (tip and ring 
associated) current sense resistors may be installed in the 
closed loop, negative feedback paths of Hip' and 'ring' path 
current sense amplifiers. The currents through the sense 
resistors may contain a desirable differential current com- 
ponent \ DIFF and a common mode undesirable component 
Icom- Th e current sense amplifiers provide substantial per- 
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formance in terms of gain and gain-bandwidth product, so 
that any voltage dropped across the sense resistors appear as 
a negligibly small component of the voltage between the tip 
and ring terminals of the SLIC. 

s A voltage drop proportional to the current through each of 
the (tip/ring path) sense resistors is supplied as a differential 
control voltage to respective differential coupling circuits 
installed between associated bias current sources and the 
complementary polarity inputs of an operational amplifier, 

!0 that provides the single ended output voltage. Each bias 
current source is coupled through an associated pair of bias 
resistors for the differential coupling circuits. As will be 
described, the maximum current that can be sensed in each 
complementary (tip/ring) current flow path of the transim- 

35 pedance circuit is limited by the product of a maximum bias 
current supplied by the respective (tip and ring path) bias 
current sources and the ratio of a pair of transistor emitter 
bias resistances to the resistance value of the (tip and ring 
path) sense resistors. 

20 In addition to differentially sensing the complementary 
(tip and ring) currents flowing through the sense resistors 
and their associated differential coupling circuits, the input 
terminals of the operational amplifier are coupled to a 
linearity compensator circuit, which is configured to provide 

25 sufficient overhead voltages in the presence of worst case 
voltage swing conditions. The linearity compensator circuit 
has a differential amplifier configuration, coupled to close a 
negative feedback loop from the single ended output and one 
of the inputs to the operational amplifier, relative to a 

30 reference voltage balancing path coupled to the amplifier's 
other (complementary) input. This balanced coupling con- 
figuration forces the corresponding terminals of a pair of 
load resistors coupled to the input ports of the operational 
amplifier to the same potential, irrespective of variations in 

35 the sensed input currents. 

For this purpose, a first differential compensator portion 
of the linearity compensator includes a first 'overhead 
voltage' emitter-follower transistor having its collector- 

40 emitter path coupled in circuit with a first bias current 
source. This first overhead transistor has its base coupled to 
receive a reference voltage established by a voltage drop 
across a resistor coupled to receive a prescribed overhead 
bias current. The emitter output of the first overhead tran- 

45 sistor provides base drive to a first emitter-follower config- 
ured compensator transistor pair, the current output of which 
is coupled through a first load resistor to the (+) input of the 
operational amplifier. 
To close the negative feedback loop of the operational 

50 amplifier, a second compensator portion of the linearity 
compensator includes a second overhead voltage emitter- 
follower transistor having its collector-emitter path coupled 
in circuit with a second bias current source, and its base 
coupled through a feedback resistor to the single ended 

55 voltage output of the operational amplifier. The emitter 
output of the second overhead transistor provides base drive 
to a second emitter-follower configured compensator tran- 
sistor pair, the current output of which is coupled through a 
second load resistor to the (-) input of the operational 

60 amplifier. 

By matching the bias resistors for the differential coupling 
circuits and the load resistors and parameters of the comple- 
mentary sides of the differentially configured coupling and 
compensator circuits installed between the sense resistors 
65 and the operational amplifier, the single ended output Volt- 
age Vout produced at the output of the operational amplifier 
is effectively linearly definable in terms of the sensed current 
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l DIFF and the values Rsense °f me sensc resistors, as The current linl through the (tip) current sense resistor 21 

V OU7 -2*\ diff *Rsense- BY optimizing the match between provides a voltage drop proportional to the tip path current; 

the resistance values of the sense resistors, and the match and which is supplied as a differential control voltage to a 

between the resistance values of the load resistors and the first (tip path) differential coupling circuit 30, that is coupled 

resistance values of the bias resistors common mode output s between a first current source 41 (which is shown reference 

error is minimized. t0 a P owe r supply rail VEE) and the complementary polarity 

inputs 11, 12 of the operational amplifier 10. In a non- 

BRIEF DESCRIPTION OF THE DRAWINGS limiting configuration, the differential coupling circuit 30 

FIG. 1 diagrammatically illustrates a transimpedance cir- ma y comprise a differentially coupled pair of (NPN) bipolar 

cuit in accordance with a non-limiting, but preferred 10 transistors 50 and 60. Although bipolar components are 

embodiment of the present invention; and shown > ^ is to be understood that the invention is not limited 

cip i c k rt „„»;« ^«« n ^Uc-« r« * • • thereto, but also may be implemented using alternative 

HO. 2 snows tip and ring path sense amplmers contauung , . . , r , a — * , 

* *u * ■ j ■ •* mr * equivalent circuit devices, such as field effect transistors 

sense resistors for the transimpedance circuit of FIG. 1. (FETs) for example 

DETAILED DESCRIPTION The current source 41 and an associated pair of bias 

As described briefly above, for purposes of providing a 15 resistors 54 and 64 for the first (tip path-associated) differ- 

non-limiting practical example, the transimpedance circuit ™ tld cu ™}*^ plus li J ce co °* one . at5 pf a second 

of the invention will be described in terms of its use in a ring path-associated) differential coupling circuit 35 estab- 

communication interface device, in particular, as a current- ^h^C7L^^,™ 

,. _ - . j • •* r u i_ be desenbed, the maximum current that can be sensed in 

sense, voltage-feed transimpedance circuit for a subscriber 20 each complementary (ti /ri } cunent flow ^ of the 

hne circuit or SLIC. It may be noted, however, that the transimpcdancc circuit is limited by the product of the 

invention is not hrmted to this application or type of sig- maxim um bias current , supplied by ^ resp ective (tip 

nalmg mterface, but may be employed m a variety of ^ ^ path ) sqwocs 41 and 42 and the ratio of the 

signaling environments that contain or are coupled with va i ue 0 f one of the emitter bias resistances R DIFF to the 

complementary current paths. In the non-limiting SUC- ^ resistance value R^^ of the (tip and ring path) sense 

associated embodiment described here, the complementary resistors 21 and 22. 

current signal paths correspond to respective 'tip' and 'ring' since the current supplied by the current source 41 is 

paths of a wireline telecommunication circuit. based upon the dynamic range needs of the transimpedance 

Referring now to FIG. 1, a non4imiting, but preferred circuit, and as these requirements will vary depending upon 

embodiment of a transimpedance circuit in accordance with 30 the mode of operation of the SLIC, by configuring the 

the present invention is diagrammatically illustrated as com- current source 41 as a controllable device, power consump- 

p rising an operational amplifier 10, having first (+) and tion can be minimized. For example, during the on-hook, 

second (-) complementary polarity, or differential, inputs 11 quiescent mode (no circuit operation) of a subscriber's 

and 12, and a single ended output 13. For the non-limiting telephone, there is no need to draw any current; conse- 

application as a tip and ring current-sensing SLIC interface, 3S quently during this mode, the output of the current source 41 

the amplifier's (+) input U may be associated with the can be reduced to zero, so that no power is consumed. For 

tip/ring path of a telecommunication signaling wireline pair, on-hook reduced power signal monitoring, such as for the 

while the (-) input 12 may be associated with the wireline case of a phone having caller-ID class of service, only a very 

pair's ring/tip path. reduced or minimal current is necessary, so that power 

In order to sense current flowing in one of the comple- 40 consumption can be kept relatively small. It is not until the 

mentary signaling paths, a first sense resistor 21 is coupled phone is placed in its off-hook voice signaling mode that the 

between a pair of input nodes IN1+ and INI- installed in the M dynamic range properties of the SLIC are required; in 

signaling path of interest, (e.g., the tip path of a telecom- ^ mode mc current output of the current source 41 would 

munication wireline pair), and current flow through which is De controllably increased to its maximum value, 

denoted by a current linl. As will be described, the current 45 Transistor 50 of the (tip side) differential coupling circuit 

linl flowing through the first sense resistor 21 represents the 30 has its control terminal or base 51 coupled to the input 

first (here tip-associated) component of a summation of a node IN1-, and its collector 52 coupled to supply a first 

desired differential current component (J DJFF ) that is to be output voltage V DTFFl „ to the resistor 99 (having a value 

transformed into an Output voltage V OLrr at the output 13 of denoted K LOAJ> S) coupled to the (+) input 11 of the opera- 

the amplifier, plus an undesirable common mode or longi- 50 tional amplifier 10. The emitter bias and thereby the opera- 

tudinal current component \ COM that is to be effectively tion of transistor 50 is established by coupling the emitter 53 

rejected as a component in the output Voltage produce at of transistor 50 through a bias resistor 54 (having a value 

output 13. denoted R DfFFl _) to the first current source 41, which 

The sense resistor 21 may comprise a relatively small supplies a first reference current \ DJFF1 . As pointed out 

valued resistor (having a resistance value denoted ^sensei* 55 above > b y configuring the current source 41 as a controllable 

which may be on the order of several to several tens of ohms, device, the circuit's power consumption can be minimized, 

for example), coupled between the output of a (tip) sense In like manner, the other transistor 60 of the differentially 

amplifier and its associated tip path output port of a low coupled pair 50/60 has its control terminal/base 61 coupled 

power receiver channel circuit of a subscriber line interface to the input node IN1+, and its collector 62 coupled to 

circuit for interfacing communication signals supplied from 60 supply a second output voltage V D/Fi?l4 . to the resistor 119 

a device, such as a modem, with a wireline pair for delivery (having a value denoted (JL LQA£ ,^) coupled to the (-) input 

to a remote circuit, such as a subscriber's telephone. For this 12 of operational amplifier 10. Like transistor 50, the 

purpose, as shown in the sensing block circuit diagram of operation of transistor 60 is established by coupling its 

FIG. 2, the sense resistor 21 may be installed in the closed emitter 63 through bias resistor 64 (having a value denoted 

loop, negative feedback path of a 'tip* path sense amplifier 65 ^diffi^) 10 me fi fSl current source 41. 

23, which has its (-) input coupled through an input resistor For the complementary signaling (ring) path, a second 

24 to the INI- node and its output coupled to the IN1+ node. 'ring' sense resistor 22 is coupled between input nodes IN2+ 
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and IN2- of a second or ring current sense path Iin2. Like resistors 99 and 119 of the linearity compensator circuit 70, 
the tip path sense resistor 21, the ring path sense resistor 22 that are coupled to the input ports 11 and 12 of the opera- 
comprises a relatively small valued resistor (having a resis- tional amplifier 10, to the same potential, irrespective of 
tance value denoted Rsexsez)* which is very closely variations in the sensed input currents, 
matched (within a small fraction of one percent) with the Up 5 For this purpose, a first (+) differential compensator 
sense resistor 21 for the purpose of providing the desired portion of the linearity compensator 70 comprises a first 
degree of common mode rejection (longitudinal balance) (p^p) emitter-follower 'overhead* transistor 80 having its 
required of a SLIC. As shown in FIG. 2, the ring path sense collector-emitter path coupled in circuit with a first bias 
resistor 22 installed in the closed loop negative feedback current source 85 (referenced to the VCC voltage supply 
path of a 'ring' side sense amplifier 26, which has its (-) 10 rail) and the supply rail VEE. The first bias current source 85 
input coupled through an input resistor 28 to the IN2- node generates a bias current l BIAS1 . The first overhead transistor 
and its output coupled to the IN2+ node. so has its control node or base 81 coupled to a reference 

Both the tip path sense amplifier 23 and the path ring voltage node 71. The voltage at the reference voltage node 

sense amplifier 26 provide substantial performance in terms 71 is established by a voltage drop across a resistor 75 

of gain and gain-bandwidth product. Therefore, with sense 15 (having a resistance value RO vhlh) relative to a voltage 

resistors 21 and 22 installed in closed loop paths of their node, such as ground (AGND), as a result of a prescribed 

associated tip and ring sense amplifiers 24 and 26, any overhead current l OVDm therethrough as supplied by a 

voltages dropped across these resistors will appear as a current course 76, referenced to the VCC supply rail, 

negligibly small component of the voltage between the tip The emittcr g$ of the first overhead transistor 80 is 

and ring terminals of the SLIC. 20 coupled to the base 91 of an emitter-follower NPN transistor 

The voltage drop across the (ring) current sense resistor 90 of an emitter-follower configured compensator (COMP-) 

22 resulting from the current Iin2 flowing therethrough is transistor pair 90/95. The collector 92 of transistor 90 and 

applied as a differential control voltage to a second differ- the collector 97 of transistor 95 are coupled to the VCC 

ential coupling circuit 35, which is connected in circuit supply rail. The emitter 98 of transistor 95 is coupled 

between the second current source 42 and the complemen- 25 through the load resistor 99 to the (+) input 11 of the 

tary polarity inputs 11, 12 of the operational amplifier 10. As operational amplifier 10. Each of the respective values of 

shown in FIG. 1, the direction of current flow of current lin2 load resistors 99 and 119 (denoted R LO al>- and R LOA£> +) is 

is assumed to be opposite to that of current Iinl. These the same and may be denoted as Rioad- 

currents contain a desirable differential current component j 0 Q \ os& me negative feedback loop of the operational 

l DTFF and an undesirable common mode current component amplifier 10, a second (-) differential compensator portion 

^com 10 be rejected. 0 f the linearity compensator 70 includes a second (PNP) 

Like the first differential coupling circuit 30, the second emitter-follower 'overhead' transistor 100 having its base 

differential coupling circuit 35 may comprise a differentially 101 coupled to a feedback voltage node 72. Node 72 is 

coupled bipolar transistor pair of NPN transistors 55 and 65. 35 coupled through a feedback resistor 77 (having a resistance 

Transistor 55 has its base 56 coupled to the input node IN2-, value Rovhik) t0 tnc output node 13 of the operational 

and its collector 57 coupled to supply an output voltage amplifier 10. A reference current course 78 is coupled to 

Vdiffi- t0 tfl e (Rloao -) resistor 119 coupled to the (+) input supply an overhead current \ OVDH1 to the node 72 and 

11 of the operational amplifier 10. Emitter bias for transistor thereby to the feedback resistor 77. Overhead transistor 100 

55 is provided by coupling the emitter 58 through a bias 4Q has its emitter-collector current path coupled in circuit with 

resistor 59 (having a value denoted R D jtf2-) to me second bias current source 105, referenced to the VCC voltage 

current source 42, also referenced to the voltage supply rail supply rail, and the supply rail VEE, and being operative to 

VEE, and supplying a second reference current \ DJFF2 * In a generate a second, bias current l BZAS2 ' 

like manner, transistor 65 has its control terminal/base 66 The second overhead transistor 100 has its emitter 103 

coupled to the input node IN2+, and its collector 67 coupled 45 coupled to the base 111 of an emitter-follower NPN tran- 

to supply an output voltage V^^ to the (R LQ ad J resistor sistor 110 of an emitter-follower configured compensator 

99 coupled the (-) input 12 of the operational amplifier 10. (COMP+) transistor pair 110/115. The emitter 113 of tran- 

The operation of the transistor 65 is established by biasing s ^ ior 115 ^ coupled to the base 116 of transistor 110. The 

its emitter 68 through bias resistor 69 (having a value collector 112 of transistor 110 and the collector 117 of 

denoted R DfFF2 J to the second current source 42. 5Q transistor 115 are coupled to the VCC supply rail. The 

In addition to differentially sensing the complementary emitter 118 of emitter-follower transistor 115 is coupled 

(tip and ring) currents Iinl and Iin2 flowing through the through load resistor 119 to the (-) input 12 of operational 

complementary current paths' sensing resistors 21 and 22 amplifier 10. 

and their associated differential coupling circuits 30 and 35, The transimpedance circuit of FIG. 1 operates as follows, 

the input terminals 11 and 12 of the operational amplifier 10 55 As pointed out above, the complementary currents Iinl and 

are further coupled to a differentially configured, linearity Im2 that are assumed to be flowing in the directions shown 

compensator circuit 70, which is coupled in circuit with through the respective first (tip) and second (ring) sense 

voltage supply rails VEE and VCC, and is operative to resistors 21 and 22 may be defined in equations (1) and (2) 

provide sufficient overhead voltages in the presence of worst as: 

case voltage swing conditions. 60 

The linearity compensator circuit 70 has a differential #«l-WWcew 0)- 

amplifier configuration, which is coupled to close a negative ^Wr'ow (2) 
feedback loop from output 13 to the inverting (-) input 12 

of the operational amplifier 10, relative to reference voltage With linearity compensator 70 coupled in differential 
balancing path coupled to the amplifier's non-inverting (+) 65 configuration between nodes 71 and 72, a differential over- 
input 11. As will be described, this balanced coupling head voltage AV OVHIfem representative of the difference 
configuration forces the bottom terminals of a pair of load between the emitter voltages of the emitter-follower tran- 
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sistots 80 and 100 will be applied to the bases 91/111 of Assuming that all emitter areas of the transistors are 

COMP transistors 90/110. With the base-emitter voltage identical, and that the betas of transistors 95 and 115 are well 

being denoted as Vbe ; this differential overhead voltage may matched, the logarithmic portion of equation (11) may be 

be defined in equation (3) as: rewritten in expression (12) as: 

S 

A V OHO€m " VtevmcoMp+y- i is {comp+)+1 rlo«d\\9*Rloadu9- (kT lq)*bi[{ {I RDirri ^Iroippz^I^rdifpx ♦)} * { { 1 rdifp\ ++f*D/m+)J 

f RLOAD99 mR LOAD99- vbe 90{coMP-y v ^9s(coMp-^ ( i RDtFP2*)} m {^RD/pn^i/RDfPPi-^RDirPZ-)}*{(/RDirr2-y(/RD- 

#«n-+W«-)H (12) 

However, a load current through the load resistor 

99 of the (+) leg of linearity compensator 70 effectively or in expression (13) as: 

corresponds to the sum of the differential currents \ RDIFF1 _ 10 
and Irdjff^ 

through bias resistors 59 and 54, respectively. (^^({i+a/^^w^J+^-Ca/^^w^) 2 }* 

Namely> {l + A/ 21 JW ri _}{UA/ 21 _/W ri _)+ 

/^x^^^^W^.+Wra.) (4), M'CAI;* AD/m^ll^iWl ( 13 ) 

(where a„ is a proportionality constant which, for practical 15 whcrc \ Drm =\ DrFF1 S^, and l D/m _ /z>/m +AI 21 _, 
purposes is equal to 1.0 and therefore, wall not be delineated For STprSSl conditions SuS in real 

m subsequent expressions). applications, both quadratic terms found in equation (13) are 

Similarly, a load current Woaxj * through the (-) com- negligible. This reduces expression (13) to: 

pensator leg load resistor 119 effectively corresponds to the 2Q 

sum of the differential currents I^ffi* and W , ln[{i+A/wWJ}lHA/ 3l i rom ^{i+A/ Jl j/ BD . 
through the bias resistors 69 and 64, respectively. Namely, tm-}- lm {i+A/ 21 JIrdiff+V x ]> (14) 

iLOADxw-iRLOAD+^RDiprxShDtprz* (5). which yields 

In addition, the voltage Vsensei across the first (tip) sense 25 (*r/?)*&i[iJ»o. (15) 

resistor 21 may be expressed as: 

By matching the bias resistors so that R Dfrri +=R DJFJ71 _= 

V SEt*SEi B Ii n l *RsEXSE\ a Vbt60([iIFF\+)+{I RDIFF1+)* (Rd/FF1+)-(JrD- Rdjffz+^diffi-^load* and substituting in equation (11) 

*FFi-)*(R DlFn _)-Vbe sciDfFF1 _ ) (6). yields: 

The voltage V^^ 2 across the second (ring) sense resis- 30 A^^r^+^W (16). 

tor 22 may be expressed as: 

v SENSE2= iiru - ^ENSE2 aV ^6S{D/FF2^p'VRD/FF2*) V^D/FFZ*-) ~VRD~ 

iFFi-yiRotrnJ-VbessiDtFF*-) (7). AV OWD<w -(Awil+/ih2)»R J£WS£ (18). 

Substituting equations (4) and (5) into equation (3) yields: 35 Substitution of equations (1) and (2) into equation (18) 

^OVHDm^RC^rFl^RI3fFP2*)*(^LOADil9)~{^RO/FFl~ + ^RD/Fr2- VlCldS. 
)*(^,0<095>) - ^ e SW<CO/W/'-) + ^llD(CO^/'+)-^95(COAf/'-) + 

VZ*u5 ( co^) (8). W OHOm -2+I DIFF -R SENSE (19) 

Adding equations (6) and (7) yields: 40 which lacks any contribution from the undesirable longitu- 

dinal components of equations (1) and (2). 
linl m R s ^s£^^^RsE/^E2H f Rojppi*y(^njFF^^( f RDiFF2* An examination of FIG. 1 reveals that the voltage V oc/r 

™* D '^J- (/ ™ F ^ al the outpul terminal 13 may be defined as: 

V Oess(D/FF7^)- V 0e S 0(D/Fn-y^y^6S(OJPF1U^^6O{DfFFl^ (9). 

Subtracting equation (9) from equation (8) yields: 45 

v ou7~I ovhdi *(^^5-/? ov , wol )+V6e a0(ow/ol j+AV r OWOe7II - 

1 0O( VOHD2.)~^OVHD2 * (^7 -RoVHDz) (20). 

Wovho^M-Rsehs^I^Rs^. ^ n by matchmg dfcuit parameter5( in particular, by 

{UmFF^^LOAD.-RDiFFiMhDtPn.YiRLOAD-R djff2-> making R 75 «R 77 ; 1 0 vhdi° 1 ovhd2> 1 biasi°Ibias2> ™d using 

(iRDtFFi-Y{RLOAD--Roipp\j+ 50 equal geometries for the overhead transistors 80 and 100 

/f WD D \j/t/i^ t/j_ \ (which is readily accomplished by placing these transistors 

l(^5 5 (o/^-)+Vbc 50(O /^}+ immediately adjacent to each other using present day semi- 
conductor processing), equation (20) reduces to: 

[ (Vbe n5 (ccnfp+r Vb^icoM /»-)H 0^ e 6S(DiFn^ + vfcc so( 

"""♦>H ( 10 )- 55 V ou1 -W OHDm (21). 

This relationship may be alternatively expressed as: Namely, the output voltage V OUT produced at the output 



terminal 13 of the operational amplifier 10 is relatively 
simply and linearly definable in terms of the sensed current 
^{Rloao.-Rdjff^)-Qri>- 60 ^diff the values of the sense resistors R sense- In 
iffx -)* (fttQ l \i>-~RDtpp\~r~ particular, 

(lRDlFFl^*QlLOAD-~RDlFn^+{W4)*l n \{(hDIPPl++lRDIPPZ*)l V^.^ml*! *R CyY\ 

/r r \\2. Y OUr^^ s DtPP "SENSE 

V RDJFFl-~ J RD1FF7-) } 

(f n w # it \\ mi\ ^ may be noted that reversing the direction of the input 

K'RDIFFlJ'RDIPinJ \*RCHFF?J*RDlPr2+)\ y • j „ , - , • . 

65 currents Iinl and Im2 bemg sensed simply reverses the 
(where k is Boltzman's constant, T is absolute temperature, polarity of the output voltage V OLrr supplied at output 
and q is the electron charge). terminal 13. 
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Equation (22) implies that if either of the two sensed 
currents Iinl or Iin2 is flowing in a direction opposite to that 
shown in FIG. 1 and both currents have the same value, the 
resulting voltage V 0 ut m equation (22) approaches zero. 
Namely, by optimizing the match between the resistance 5 
value Rsejvse °f tne sense resistors 21 and 22, and the match 
between the resistance values R DJFF of the bias resistors 54, 
59, 64, 69, common mode output error is minimized. 

While I have shown and described an embodiment in 
accordance with the present invention, it is to be understood 10 
that the same is not limited thereto but is susceptible to 
numerous changes and modifications as known to a person 
skilled in the art. I therefore do not wish to be limited to the 
details shown and described herein, but intend to cover all 
such changes and modifications as are obvious to one of 15 
ordinary skill in the art. 

What is claimed is: 

1. A transimpedance circuit comprising: 

an amplifier having first and second inputs and an output; 

first and second current sense resistors; 20 

a first differential coupling circuit coupled between said 
first current sense resistor and said first and second 
inputs of said amplifier, and being operative to apply a 
first differential input current to said first and second ^ 
inputs of said amplifier in accordance with a first 
voltage across said first current sense resistor; 

a second differential coupling circuit coupled between 
said second current sense resistor and said first and 
second inputs of said amplifier, and being operative to 30 
apply a second differential input current to said first and 
second inputs of said amplifier in accordance with a 
second voltage across said second current sense resis- 
tor; and 

a compensator circuit coupled between a supply voltage 35 
node and said first and second inputs of said amplifier, 
and being operative to close a negative feedback path 
from said output to said first input of said amplifier, 
relative to a voltage balancing path coupled to said 
second input of said amplifier, and equalize voltages 40 
applied thereby to said first and second inputs of said 
amplifier, irrespective of variations in currents through 
said first and second current sense resistors. 

2. The transimpedance circuit according to claim 1, 
wherein said first and second current sense resistors are 45 
adapted to be coupled with respective tip and ring paths of 

a telecommunication circuit. 

3. The transimpedance circuit according to claim 1, 
wherein said first and second differential coupling circuits 
are respectively coupled to provide said first and second 50 
differential input currents in accordance with said first and 
second voltages respectively across said first and second 
sense resistors relative to first and second bias voltages. 

4. The transimpedance circuit according to claim 1, 
wherein said first and second differential coupling circuits 55 
are supplied with first and second reference current sources 
configured to supply variable reference currents. 

5. The transimpedance circuit according to claim 1, 
wherein said first and second differential coupling circuits 
comprise respective first and second pairs of differentially 60 
coupled transistor circuits, respective control electrodes of 
which are coupled to receive said first and second voltages 
across said first and second sense resistors, output electrodes 

of which are coupled to said first and second inputs of said 
amplifier, and being respectively coupled through operation- 65 
controlling bias resistors to first and second bias current 



6. The transimpedance circuit according to claim 5, 
wherein said operation-controlling bias resistors of said 
differential coupling circuits are closely matched. 

7. The transimpedance circuit according to claim 1, 
wherein said compensator circuit comprises a differentially 
configured compensator having a first compensator path 
coupled in circuit with a first supply voltage, and being 
operative to supply a reference current through a first load 
resistor to said first input of said amplifier, and a second 
compensator path coupled in circuit with said first supply 
voltage, and being operative to supply a feedback path 
current through a second load resistor to said second input 
of said amplifier, in accordance with an output voltage of 
said amplifier. 

8. The transimpedance circuit according to claim 7, 
wherein said first and second differential coupling circuits 
comprise respective first and second pairs of differentially 
coupled transistor circuits, respectively coupled through 
operation-controlling bias resistors to first and second bias 
current sources therefor, control electrodes of which are 
respectively coupled to receive said first and second voltages 
across said first and second current sense resistors, and 
output electrodes of which are coupled to said first and 
second inputs of said amplifier. 

9. The transimpedance circuit according to claim 8, 
wherein said operation-controlling bias resistors for said 
differential coupling circuits are matched with-said first and 
second load resistors of said first and second compensator 
paths. 

10. The transimpedance circuit according to claim 9, 
wherein circuit component parameters of differential por- 
tions of said differentially configured compensator and said 
first and second differential coupling circuits are matched, 
such that a single ended output voltage produced at said 
output of said amplifier is effectively linearly definable in 
terms of a desired differential current through said first and 
second current sense resistors and values of said first and 
second current sense resistors. 

11. A transimpedance circuit for converting a differential 
input current through first and second current paths into a 
single ended output voltage, while rejecting common mode 
currents through said first and second current paths com- 
prising: 

a first current sensing element coupled with said first 
current path; 

a second current sensing element coupled with said sec- 
ond current path; 

an amplifier having first and second inputs and an output 
from which said single ended output voltage is derived; 

a first differential coupling circuit operative to couple a 
first differential input current to said first and second 
inputs of said amplifier in proportion to a first current 
flowing through said first current path; 

a second differential coupling circuit operative to couple 
a second differential input current to said first and 
second inputs of said amplifier in proportion to a 
second current flowing through said second current 
path; and 

a compensator circuit coupled between a supply voltage 
node and said first and second inputs of said amplifier, 
and being operative to equalize voltages applied to said 
first and second inputs of said amplifier, in accordance 
with a prescribed relationship between said single 
ended output voltage and a reference voltage. 

12. The transimpedance circuit according to claim 11, 
wherein circuit component parameters of differential por- 
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tions of said compensator circuit and said first and second 
differential coupling circuits are matched, such that said 
single ended output voltage produced at said output of said 
amplifier is effectively linearly definable in terms of values 
of said current sensing elements and a desired differential 5 
current through said first and second current paths exclusive 
of common mode currents therethrough. 

13. The transimpedance circuit according to claim 11, 
wherein said first and second current sensing elements 
comprise tip and ring sense resistors adapted to be coupled 10 
with respective tip and ring paths of a telecommunication 
circuit. 

14. The transimpedance circuit according to claim 11, 
wherein said first and second differential coupling circuits 
are configured to couple said first and second differential is 
input currents to said first and second inputs of said amplifier 

in accordance with first and second voltages across said first 
and second current sensing elements relative to first and 
second bias voltages. 

15. The transimpedance circuit according to claim 11, 20 
wherein said first and second differential coupling circuits 
comprise respective first and second pairs of differentially 
coupled transistor circuits, control electrodes of which are 
coupled to receive first and second voltages across said first 



and second current sensing elements, output electrodes of 
which are coupled to supply differential currents to said first 
and second inputs of said amplifier, and being respectively 
coupled through operation-controlling bias resistors to first 
and second bias current sources. 

16. The transimpedance circuit according to claim 11, 
wherein said compensator circuit comprises a differentially 
configured compensator having a first compensator path 
coupled in circuit with a first supply voltage, and being 
operative to supply a reference current through a first load 
resistor to said first input of said amplifier, and a second 
compensator path coupled in circuit with said first supply 
voltage, and being operative to supply a feedback path 
current through a second load resistor to said second input 
of said amplifier, in accordance with said single ended 
output voltage of said amplifier. 

17. The transimpedance circuit according to claim 16, 
wherein said operation-controlling bias resistors for said 
differential coupling circuits are matched with said first and 
second load resistors of said first and second compensator 
paths, and wherein resistance values of first and second 
current sensing elements are well matched with each other. 
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